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RELATIONS BETWEEN THE WEATHER AND THE YIELD OF WHEAT IN THE ARGENTINE REPUBLIC. 

By N. A. HE~SLINC~, in charge 01 Rainfall Section, Argentine Metmmlogical Office. 

[Translated from Bdctin Jbensunl, OBcllvu Metcorologica Argentins, April, l919.l 
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Wheat is the most important crop in the Argentine 
Republic. During the last 10 years the area seeded to 
this cerea.1 has varied between 6,000,000 and 7,000,000 
hectares I1  hectare -2.47 acres) : t,hat is about twice 
the area covered with corn. As the yield of corn is 
more or less double that of wheat, the production in 
tons is about the same for the two cereals, although 
when. we count the value of the respective crops, wheat 
again becomes the more important. 

The average 4eld of wheat in the last. 30 years, accord- 

been 720 kilograms per hectare, taking the country as R 
whole. Table 1 gives the yield for each year from 1890 
to 1919. The 'maximum yield was 1,216 kilograins 
er hectare, obtained in 1893, and the minimum 333 

tilagrams in 1916 . The varlations in the yield froin 
year to gear, therefore, have been considerable, although 
iot  as large as in the case of corn. 
~ A B L F .  1.- Yield of wkat in kilogi~rrtis per hectare i n  thu :Iryeiititie 

l tep i i .bh- .  
[By sown area.] 
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In the yield of corn, it  has been shown that the princi a1 
factor is the rainfall, and the next the tempepature. The 
present study is an attempt to determine the effect of 
these factors on the ield of wheat. 

rains that might be expected to affect t e yield of wheat in 
this country, seeing that it is sown in the months of May 
to August, the harvest beginning in November or Decem- 
ber, would be those that fall from June to November. In  
Table 3 are given the average amounts of rainfall ove? the 
wheat zone of the Republic, that is, over the Provinces 
of Buenos ,4ires, Entre Rios, Santa FB, Cordoba, and 
Pampa Central Territory. Although the yield data of 
Table 1 really refer to the whole country, what is pro- 
duced outside of this zone forms only a small portion of 
the whole. 

A comparison of these data with those of the yield in 
Table 1 shows that between the two there 1s very 
little relation. The six years of largest yield were 
1893, 1892, 1919, 1907, 1898, and 1917. In five of these 
t.he tot,al rainfa.11 of June to November was below the 
normal, and in the other, 1919, it was excessive. The 
yields were lowest in 1916, 1896, 1913, 1901, 1895, and 
1897. Of these, 1916 was the driest of all, in 1897 and 
1901 the rain was below normal, while in the remaining 
three it was above normal. 

?6 E#ect qf t7t.e rai.ilfal T variations on the .ie.2d of ,whtat.-The 

TABLE 3.- I'itltl (4' ri-heat (kilogrants per. hectare) .in the Argentine 
Repir blir. 

[bvemga r\ccordlng to rainfall in the months Joue to November.] 

6 !  .5 
A v e w y i e l d  ...... 
Miiiimiimyeld 635 559 466 647 559 

........ Pb: I 7 d  I 81; 

;$ 1 $ 1  991 728 
Maximum yjeld. l,21! W3 898 

Number of eases... 

Grouping the yield data according to the rainfall from 
June to November, and takin averages of the yield for 
every 50 millimeters of rainfat, as shown in Table 3, it 
will be seen that the maximum yield corresponds to 
rains of 150 to 200 mm. In the first group, corresponding 
to rains of less than 100 mm., there occurs only one case, 
that of the year 191G. There are no cases of rainfall 
between 100 and 150 mm., which shows the exceptional 
character of the year 1916, and the average of the next 
group is the maximum, from which it seemingly might be 
inferred that the only year in which the wheat suffered 
from want of rain was 1916. But perhaps it is not 
correct to consider the yield in relation to the total rainfall 
of the six months. The rain in certain months is no doubt 
more effective than in others, and besides, in six inonths 
there ina occur periods of drought that might affect the 
wheat, dhough the total rainfall of the SIX months be 
sufficient. For this reason the yield data have also been 
analyzed with respect to the rainfdl of the four months 
July to October and the three-month periods June- 
August and Sep tember-November. 
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TABLE 4 - YieMofwheul (kibgramsperhe&rej in the Argmtinc Rmpublic. 

100-15(1 

-- 
, 6  
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880 
559 

4 8  
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851 
434 

0 3  
9Sb 

1,216 
103 

[Averam aceordlng to ralniall In the months July-October, June-August, and Sep 
tember-November.] 

I 

July-October: 
Number of cases. ...... 
Average yield. ................. 
Maximum yield.. 
Mlnlmum yield.. 

Averageyleld .......... 
Waxlmum yield.. ...... 
Minlmwnyield ........ 
Number of csaea.. ..... 
Avemgeyield .................. 
Maximum yield. 
Minlmum yield.. 

JY&%t&asea ....... 

Geptember-November: 

Millimeters drain. 

0 1 
333 ..................... ..................... 

4 9 
608 710 
764 1.216 
333 344 

0 1 
333 ....................... ...................... 

Pedcds. 1 150-75 

8 
7% 
996 
4e8 

10 3 
631 770 
837 991 
344 802 

Eeptember- 
November. 

Numbernf cases.... 
Average yield ...... 
Maximum vIeld 
Mnlmum $eld 

--1-1- 

NiUmRters ofraln. 

100-im ~50-m ~ ~ M - Z X I  w)-3(~1300-350 a5Moo I O M ~  

I 5 11 6 11 13 5 2 1 
353 4% 797 681 674 710 650 751 572 ........... 756 1.224 008 852 989 814 860 ....... ........... 216 561 556 440 501 422 642 ....... 

-- -- 
:6rdoba- 

878 850 

634 
810 
750 
441 
808 
605 
353 

1, 

65s 

5 ................ 
745 ................ 
991 ................ m l l  ................ 

Pampa 
Central. 

-- 
350 
821 
756 
662 
731 
5 s  
810 
585 
216 
745 
613 

6% 
-- 

These means show a similar distribution to those of 
June to November; that is, the maximum yield is ob- 
tained on the average with rains, that differ little from 
the minimum observed. But in whichever way the aver- 
a es are formed it must be admitted that they do not 

If this correlation existed there would be some symmetry 
in the averages; that is to say, after rising to a maximum 
they would gradually dimimsh, forming when expressed 
graphically a curve more or less pronounced, but with- 
out the waves or irregularities shown by these. Both by 
this lack of symmetr , as well as by the large differences 
between maxima an B minima in each p u p ,  it may be 
inferred that the rainfall is not the rincipal factor in the 
yield of wheat, at least when consifering the yield of the 
country as a whole, with the mean rainfall in the corre- 

s % ow any marked correlation between rainfall and yield. 

Entre 
Nos. 

739 
Bso 
632 
744 
-597 
422 
544 

4e.o 
1 , g  

sponding zone. 
But Derhaps this lack of correlation is due to the fact 

Santa 
FB. -- 

114 
501 
556 
672 
687 
440 
671 

w e 7 8 9  
467 

1.088 
880 

that th-e are'a considered is too large. The area where 
wheat is cultivated is very extensive, and in some yean 
the rainfall may be insufficient in some arts of this area 
and excessive in others. The best woullno doubt be the 
data for departments (counties), because even the prov- 
inces, especiall Buenos Aires, still comprise areas too 
large to refer Jeir rainfall to an average quantity. But 
it seems there are no data available b departments, and 
the only more detailed data I have g een able to obtain 
are those of the Provinces of Buenos Aires, Entre Rios, 
Santa F6, Cbrdoba, and the Territory of Pampa Central 
during the years 1908-1918, which are given in Table 5. 

TABLE 5.- Yield of what  (k?iEograms per hertare), by Proz~inces, 1908- 
1918. 

[By harvested ares.] 

Buanos 
AIres. YW. 

1m.. 
1910 .............................. 
1911 
1912.. 
1913 
1914 
1915 
1916.. 
1917 
1918 888 

Averages.. 684 1 749 

These data differ from those of Table 1 in having been 
taken from the area harvested instead of the sown area; 
that is, in this case the total failures have been eliminated. 
The true yield should of course be computed from the 
sown area. There might, for instance, be cases of total 
loss throu h drought, m which case the 

other hand, in some cases this method 
advantageous, as when the failure is due 
than those the subject of investigation, for instance in 
this case, if they were due to frost, hailstorms, or causes 
not meteorologcal. 

The data for 11 years are, of course, insufficient to 
determine the correlation between rainfall and yield for 
each Province. The effect of the rainfall is not neces- 
sarily the same in different re ons. It no doubt varies 

to ography, and other factors. But to determine these 

more data than we possess. However, utllizing the 
existing data as far as possible, and disregarding, for the 
resent, the dzerences of correlation that may exist in 

{ifferent re ions, we will see, if with these data it is 

precision than with those from the country as a whole. 
With this ob'ect in view, the averages of Table 6 have 

been computed, which have been formed, grouping the 
data from any Province according to the mean ramfall 
in the respective Province. 
TABLE 6.- Yield of wheat (kilograms per hectare) in the Pro'rozineu, B u c m  

A i r ~ s ,  Entre Rios, Bonta FC, C&dobn, and Territwy of Pampa Central. 

from the B arvested area would be too 

with the temperature, the c Yi aracter of the soil, the 

di ii erences by statistical methods would require much 

possible to % etermine the effect of the rainfall with more 

[Averages arcordlng to rainfall, June-November, 
November.] 

June-August, and 0eptamber- 

I Millimeters of raln. 

Number of cases.. a 
Ayerage Maximum yleld. yield-.l... ... 353 :.I 612 7: 1 530 11,; 6W 1 1 . 4  8f6 I 798 %: 1 6!2tl d 1 858 I 749 1 701 1 5'12 55R 

Minimum yield.. ..... 467 (Ioil 678 440 536 587 412 5u 

Milllmeters of raln. 

tg:O 10-25 2S-50 50-100 100-150 150-200 24M-250 2Sfh3CO 

------__- I I IT1 I I June-August. 

On the whole, these averages are similar to the first 
ones, and they show, that the most favorable condition 
for the wheat is, when it rains in the three winter months 
50 to 100 mm., and in September to Novqnber 100 to 
150 mm. If it rains less than these quantities, it  is 
insufficient, and if it rains more, the yield in general 
decreases. This decrease, however, is not at  all propor- 
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tioiial to the increased rainfall, there being cases of hi 11 
yield wit,li abundant rains, and it does not seem that, t i e  
decretwe of the yield after the maximum can be attrib- 
uted directly to the excess of rain. I t  seems rather that 
the rainfall, as long as it is sufficient, or sap about 100 
to 150 mm. in three months, does not affect the yield 
greatly, and that t.he decrease of t,he geld with larger 
rainfalls is caused by other factors. 
So far we have considered tahe yield with res oct to 

will vary according to tlie rains fallen before in the 
winter, and this is really what is shown by Table 7. 

TABLE 7.- Yield of rvlreat n n d y i t d  nwordinq to the conibined raii!foll of 
dntn' am1 spr i fbg .  

[Rainfall in milllrnetrrs.] 

the winter and sprin rains independently from eac % other. 
But i t  seems probab K e, that t,he effect of the spring rains Over 

200 

- 
2 

57n 

n 

n 
...... 

...... 

497 

1 

I5 
673 

SR 

-- 

.- -_ 
I Ralnfall of September to November. 
I -- _ _  

LPSS 

50. 
I 

RairrIsll. JuneAugost, less 

. Average yield (kiln- 

...... 0 ? 

Rain&, June-August. 

Number of cases.. 
bvera*e yield (kilo- 

Rainkill, JuueAugtlst. 

lhnn 7.5: 
Numher of cases.. ...... 1 3 :  2 1  2 I '  2 I1 

ranrsperhectiii~).. :% 805 ! 7.36 ........ 
25-50: 

grams per hahre) .  . ...... ........ 
30-75: ........ 1 

grams per hectare). . ..... ...... ...... Average yield ( k i b  

Ha_infsll J u u e h i g u s t ,  I 
,ClOOl ........ 

Average yield (kilo- 

Ririnfall June-August, 

Average yield (kilo- 

grsms per hectaie).. ......... 

Number orcases ........ 
gramsperheetare).. ......... ........ 

over 160: 

~ - - - _ _ _ - -  

The averages of this table have been cam uted, first 
grouping all the cases according to the rail J all of June 
to August. Then in 

sc.anty to be 
maximum in each primary 
need of rnin in the sprin 
winter rains have been 

greater than 50 mm. 
When the rainfall of the thee  winter months has been 

less than 25 mm., the maximum yield is obtained witli 
the highest amount of rain observed in spring. That is, 
if there has been drought in winter, in the spring the 
rainfall will never be escessive, or a t  least it  has not 
been so in the 11 gears covered by this study. As the 
winter rains increase, the quantity of rain necessary in 
spring to obtsln the maximum yield decreases until 
with winter rains of more than 100 mm., the maximum 
yield corresponds to the lowest amounts of rain in the 
spring. Of course it can not be inferred, that if in th is 
case the spring rains had been still less, the yields would 
be larger, because however abundant the winter rains 
may be, they can not altogether re lace the spring rains. 
It IS though, fairly cert>ain, that i?it has rained enough 

in trhe winter, the s ring rains will also be sufficient, 
because the severe I? roughts in spring are always pre- 
ceded by dry winters. . 
T a m E  9.- I'ield qf wheat (kiloqrnms pcr 1rerlnre)in. the Proi*iwes Burnos 

-.tircs,Enirc Rios, P6rrZoh. Sniita Ft?, and Tmitory of Pantpu C'enlrul. 
[Averages aCMrding to bimonthly rainfall.] 

...... .... ._ 

Periods. 

.... - ... 
~Iay-Jlln~: 

JiineJulv: 

N iimher or cases. 
Average yield.. .. 
Nuniher of caw.. 
Average yield.. .. 
Ni!mber or eases. 
Average yield.. .. 

August-Peepternher: 
Numher of cases. 
Awrage yield.. .. 

.September-Cwtoher: 
N u m k  ofrases. 
A w r r w  yield.. .. 

Ortoher-November: 
Number of cases. 

JdY-.411cUst: 

Average yleld.. . 

Uillimetcrs of rainfall. 
-. 

50- 
75 

.... 

7 
728 

5 
7 3  

s 
757 

15 
747 

3 
499 

9 
041 
- 

Table 8 has been made with the object of showing more 
exact1 a t  what time the rains are most necessary for 
the wgeat. For this table the ield data have been 

with May to June. Approximatel the efiect of the rains 
may be judged by the difference {etween the groups of 
mcuimum and minimum yield. The difference is lar est 
for the months of September to October, in whicf it 
amounts to 39G kilograms per hectare. June, July come 
next with 328 kilograms, which confirms what has been 
noticed before about the im ortance of the winter rains. 

possi ly because at this time the plant may re uire more 
sunshine, and the amount of sunshine will na urally, in 
general, vary inversely to the rainfall. 

Summing up the results, it may be said, that the rain- 
fall in tlie Republic, excepting ver rarely, is sufficient 
t.o obtain a good yield of wheat. '&king the country as 
a whole, the only case of real drought in the last 30 ears 
was the year 1916. Considering the data by 6rov- 
inces, there are more casea of diminished yield by that 
cause, that is by partial droughts, felt in one or in some 
of the Provinces. Specially in the winter and in the 
interior of tlie country, as in C6rdoba and the Pampa, 
where the winter rainfall is normally very scarce, the 
want of rain is felt more frequentlv. 

The most favorable quantity, that is with which the 
highest yields have been obtained, is about 100 111111. in 
June and July and another 100 nun. in September t.0 
October. The normal rainfall in the winter IS less thnn 
this in Chdoba, the Pampa, and western Buenos Aires, 
while in spring it is niore throughout the wheat region. 

These results, however, correspond only to averages, 
but the correlation between rainfall and p ! d  of wheat is 
ver vague, and in individual cases the variations of the 
yieh m t h  similar rainfall are so lar e that it would be 

uite useless to attempt forecasting t i e  H yield by the rain- 
?all alone. 

Possibly the results would have been more definite if 
more detailed data had been available as by departments 
or smaller regions. Besides to determine with more ex- 
actness the real effect of the rain, it would be necessary 
to have data respecting tlie time of sowing, which varies 

arranged according to the bimont K y rainfall, beginning 

AP arently in August t B e rains are less necessary, 

1 E 
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YearS. 
.___- 

lsgo ..................... 
1881.. .................. 
la ..................... 
1889 ..................... 
1S94 ..................... 
lM5 ..................... 
18W ..................... 
lW ..................... 
1898 ..................... 
1699 ..................... 
lm ..................... 
le01 ..................... 
1902 ..................... 
1903 ..................... 
1904. .................... 
1905. .................... 
lwlli ..................... 
1907 ..................... 
190s ..................... 
1m ..................... 
1910 ..................... 
1911 ..................... 
1913 ..................... 
1913 ..................... 
191.4 ..................... 
1915 ..................... 
1916 ..................... 
1917 ..................... 
191s.. ................... 
1919.. ................... 

somewhat in different Provinces and from year to year, 
because naturally the critical time of growth will differ 
according to the time of sowing. 

EFFECT OF THE TEMPERATURE VARIATIONS ON T H E  YIELD 
OF WHEAT. 

Data covering the period since 1890 are not available 
from a large enough number of stations to compute the 
real average tern erature over the wheat zone. But the 

smaller number of stations, because the temperature 
variations are nearly the same over this entire re ion. 

used, Buenos Aires, Cbrdoba, and Bahia Ulanca: the first 
two are the only ones that cover the entire period, and 
the observations at Bahia Blanca be in in 1S9G. Fiist 

each station, and then the average taken of these dif- 

variations from t R e normal can be coniputed by a much 

For Table 9 only the data from t.liree st,ations have 7 ieen 

the differences from the nornial have % een coniputed for 

Juue. 

e C. 
-1.2 
.I 

-2.0 
-1.9 
-1.4 
2.6 

-1.2 
. 3  
. 6  

-21 
.6 
3.0 
1.3 
.1 
.2 

4 2  
-.9 
1.3 

-1.1 
1.0 

-1.1 
. 4  
1.2 
2.3 

-2.7 
-3. !3 

.9 -. 7 -. 1 

.I 

f erences. 
- 

The mean of these three stltions could not be consid- 
ered as representin the teiiiperature in the wheat region, 

introduce a change in the nornial. However, the varin- 
tions are nearly always in the same sense a t  the three 
stations, and when they are large at  one, they are also 
large a t  the other two, so that the meaii of the tliree can 
quite well represent the variations of the temperature 
over all this region. 

TABLE g.--Dszvintioru from ttortnnl tat?perat!r.w i.n tlie ich~at ;one (4 thc 
d r g m t i n e  Repitblit.. 

and besides the inc 7 usion of Bahia Blnnca in 1S96 would 

July. 

C. 
0. 2 

-.R 
. 5  
. R  -. 8 
1.2 
2.1 

-2.1 
-1.9 

1.6 
-.4 -. 9 

1.3 
-1.8 -. 1 -. 3 
- . 3  
-1.1 

-1.3 
3.1 
1. ti 
.6 

-2 4 -. 9 -. 1 -. 2 

3. n 

n 

.1 .- 
n 

iug1st. 

e. 
-1.1 .s 
-1. 1 
-1.2 
-.I 
1.4 
3.6 -. 8 

-2.0 
. 8  

0 
. 2  

-2.0 
0 -. 5 
.s 
.7  

-1.2 
-1.1 
2.2 
.9 

-1.3 
-1.2 
1.0 
.1 
1.6 
.3 -. 7 
. 5  -. 7 

Sa tern 
fer. 

C. 

-. 7 
-2.0 -. 8 

.6 
2. 1 -. 4 -. 9 -. 7 

.7  
2.0 -. 3 
2.0 

.L( 

. 4  -. 5 
-1.4 

.1 

.n 

. 2  
-2. a 

.6 
1.0 

-.ti -. 3 
1.5 
. J  

-1.3 
-1.3 

-1.2 
.d 

ktober. 

C. 
11. 7 
0 
3 

-1.3 
-.7 
1.2 
1.6 

-1.x -. 7 -. 1 
2.1 .s -. 6 
-. 3 
1.2 -. 9 
. 3  -. 5 
1.2 

-1.0 
. 8  
.7  

. G  

0 -. 3 -. 7 

-2: 5 

- 0  .- 

- '1 .1 

2. a 

Norem- 
Iicr. 

c. 
1. a 

d 

.I -. 6 
- 4  

-. 3 
1. I1 
.7 

-1.7 -. 9 
. 9  
. 7  
.1 -. 3 

-1.2 -. 1 
.1 -. 1 

0 
-1.8 

. 9  -. 2 -. 3 
1.6 

-2.1 
1.3 
1.1 
.s  
.1 -. 9 

If these data are coni ared with the yield figures, a t  

than in the case of the rainfall. In nearly all the years 
with large yield the deviations in the spring months are 
negative that is the temperature has been below normal, 
and in tkose with small yield they are positive or above 
normal. Of course there are some exce tions, but the 

was cold, and notwithstanding this, the yield was below 
It is known bhough, that in this year the 

harvest, w 'ch at first was very promising, was spoilt by 
the heavy rains, that fell in December. In  a large part 

once a much closer corre P ation is brought into evidence 

only really notable exception is 191 1, w P ien the spring 

of the zone over 300 iiini. fell in that mont.11, the wheat 
fields in many places being flooded at  harvest t:ime. 

In general the yield seems 60 be more or less inversely 
proportional to the temperature, which fact allows the 
relation between temperature and yield to be expressed 
by the correlation coefficient, a simple and practical 
method, but which could not be eniplowd in the case of 
the rainfall, because bet,ween the raiiifall and the yield 
there is no linear correlation. 

Coni uting the correlation coefficient, the yield and 
bimont I; 11y t.emperatures, beginning with June-July, we 
get: 
.Tune-,liily. ................................................ --I!. 11) 
Jdy-Auwugt. - 
fiept,eml,er-C)ctolier. ........................................ J 
Octol)er-No\.ernher. ........................................ - . 67 

The teiiiperntures of June and .July uppctrent'lly have 
no influence hut. in Sugust their effect is already well 
apparent, coming t.o t.lieir iiiasimum in September and 
October. Combining several months, the iiiasinium 
corrclation is -O.SI, for tlie four mont,hs August to 
November and taking out, the year 1911, in which t h  
low yield wns due to the heavy rains at  harvest time, 
the coefficieiit becomes - 0.SG. 

Accordino to W. H. Dines ( 3f~fuoroloyiccc.l Illnqmirre, 
London, FAruary, 1931) the effect of one variable over 
another is to be nieasured by the square of the correla- 
tion coefficient. The square of 0.86 is 0.71, so therefore 
74 per cent of the vnria.tions in the wheat yield are due 
to variations in the temperature in the months of August 

... ) ................................................ .L 
. buguut-~e,,temI;er. ........................................ - (i:) -- - 

- 
to November. 

There have been cold ant1 dry springs, like 1S93 m d  
1S9S, cold and wet like 1919, &I 'in nearly every case, 
when the teiiiperature has been 
normal, the yield of wheat has 
there are cases of n warm and dry 
1916, and warm and wet, like 
of these cases the yield of wheat has been low. Conse- 
quently there is no doubt that the tem erature is a much 

the yielzof wheat. 
It is of interest in this connection to consider the rela- 

tion between the temperature and rainfall. When 
studying the effect of these elements on the yield of corn, 
it  mas found t.hat in summer the droughts are generally 
accompanied by high temperatures, the esplanabion evi- 
dently being that when the air is dry, the solar rays pass 
more easily through to the earth's supface, while when 
the air contains more moistiire, a greater proportion of 
heat is absorbed by the upper layers of the atmosphere. 
In  winter the op osite is the case, the dry winters being 

restrial radiation at  this season bein greater than the 

In the intermediate season of s ring, the incoming and 

each element is less dependent on the other. 
The variations of tern erature, contrar to what is 

in character, their effects on the wheat will be better 
studied on a large zone, because in that wa the local 
variations are in a great part eliminated. 9 n Table 5 
it  can be seen, that in some years the yield varies con- 
siderably from one Province to another. As the varia- 
tions of temperature are nearly alike in all the provinces. 
these differences of ield must be ascribed to more local 
factors, among whit& may be included the rainfall. I t  

more im ortant factor that the rai 2 all in deterniining 

usually cold, an B the wet ones warm, because the ter- 

solar, the drier the air, the greater will % e tlie loss of heat. 

the outgoing radiation being ba. P anced, the variation of 

the case witrli the rainfal P , being nearly a f ways general 
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Com- 
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. 
1905 ................. 
1906. ................ 
1907 ................. 
19 ................... 
19w ................. 
1910 ................. 
1911 ................. 
1912 ................. 
1913 ................. 
1914 ................. 
1915.. ............... 
1916. ................ 
1917 ................. 
191x ................. 
1919.. ............... 

is to be ex ected, therefore, that the correlation coefficient 

ten1 eratures will be siiialler than when the yiel in the 

interest to see the variation of the correlation, month by 
month, in each Province, although the period of 11 years 
is too short to attach much value to the correlation 
coefficients. These are given in Table 10. 

!i between t ?l e provincial yields and the corres onding 

who P e country is considered. However, i t  will be of 

TABLE lO.--C‘v~.rt-laIim~ roeflrienls betivtnc the nronthly tcm.perutiires nf 
ench Proiince and the vorrcslmading irAeat yk!il.  

___ 

. 

Buenoshires ........... 
.1s Entre Ria%. 

Santa 5%. .............. 
Cdrdoba ................ -. 23 

............ 

Pampa Central.. ....... 

1m.. ............... 
1s91.. ............... 
1.w.. ............... 
1 w .  ................ 
13!34 ................. 
lS95.. ............... 
1896.. ............... 
1S97.. ............... 
1bS. ................ 
1899. ................ 
1909.. ............... 

TABLE 11.- Y i d d  of rrlrcat (k i fogrnia per hcetare) eompicted by muam of 
tks tc?ii.pc.mtrrrc qf Aiigtcst to AbTozlciiiher mid differenre betuleeir this and 
the articrr2 yield. 

, 

-- 
)ifIerencc 

with 
olitained 

yield. 

- 17 
+81 +m 

+ I %  
-10 
-119 + 40 
-99 

-160 
+4s - 35 
-4 - 38 + 1.59 + 55 

Com- I yield. 
pllted Year. 

iffereme 
with 

btained 
yield. 

-52 
+1MI 

+a 
-61 - 67 + 81 
-314 
+I7 - 57 - 131 + 138 
-137 
-184 

+84 
-48 

In the inore northern Provinces of Entre Rios, Santa 
FQ, and C6rdoba, where the wheat is generally sown and 
harvested earlier, the tempernturer 01 August have the 
r3 wrenteat effect; in Rueiios Aires it is those of September, 
and in the Pnrnpn. those of Oct,ober. 

In Jum, t,he coefficients :ire witive, hut only ill C6r- 

cant, shoxiug bhat in tlie interior of the country an in- 
crewe of t,em erature iii June is beneficial. The reason 

winters, and the winter rain in these regions, where it 
y e r a l l y  is insufficient, is A factor of some importarire 

dobn and the Tamps are they r arge enough to be signifi- 

probably is t. K :it t.he tenipernture is higher in the wet 

or the whea,.b yield. 

POSSIBILITY OF COMPUTING THE YIELD BY NEANS OF THE 
METEOROLOGICAL ELEMENTS. 

The principal practical application of these relations is 
of course, their utilization as an aid in forecastinv the 
crop. The correlation between the tenipornture an2 t,he 
yield of wheat is so close that with this element alone it 
is possible t,o forecast with n fair approsimation the re- 
sulting crop. As the yield is more or less inversely pro- 
portioml to the mean teniperature of the months August 
to November, a constant would have to be found, that, 
niultiplird by tlie teniperaturc or by the departures from 
the nornial, would give the yield. This constant, called 
geiieritlly “regression factor, ’’ caii be computed by the 
formula b = - ,  zw in which h is the regression factor, 2: 

zlza 
the causative va.riable, in this case t.he temperature, and 
y the result? variable, in this case the yield. 

For the who e country b results = - 205 for the months 
of August to November, that is, for each degree, that the 
mean temperature of those months is highef or lower than 
t,he normal, tlie yield of wheat will diminish or increase 
res ectively 20s kilogranis per hectare. R Table 11 are iven the yields for each ear froin 1890 

deviations o? the temperature from the normal, the 
differences between these coniputed yields and the actual 
ones being also given. 

to 1919, com ute 5 by means of this c.oe fi cieiit and the 

In Fiwre 1 t,he coniputed yields are compared gra hic - 
a.lly wi8i the yields obtailted. The resemblance o I p  the 
two curves is remarkable, considering that on1 one 
element has been used in the computations, whi T e the 
yield naturitlly resu1t.s from various factors. 

The differences between the coniputed and the actual 
yields can be considered as what is left of the variations 
of the yield, when the temperature effect has been de- 
ducted, and c.onsecuently it might be espected that 

t,ions, the effect of less active factors, like the rainfall. 
Analyzing these differences according to the rainfall, 

it. is seen that in 1016 the difference is negative, which 
is doubtless due to tlie drou ht of that year. On the 
tiverage, the differences are REO negative, when the rain 
has been excessive, but the year 1919 is an exception. 
With rainfnll nearly normal, the differences on the 
average are ositive. but in this case the estreme values 

results would gain much in accuracy by including the 
rninfdl as s factor in the computations. 

The apprii.isa1 of this factor is, as has been seen, rather 
difficult. A relatively sniall uantity may be sufficient, 

larger ( uantity may be insufficient, if badly distrib- 
utctl. bor instance, what saved the crop in 1893, 
was undoubtedly t.ho fair amount of rain that fell 
in July of that year, which allowed t.he wheat to with- 
stand the relative drought of the next three months 
(see Table 3 ) ;  without that rain, or if it had fallen 
later, say in September, it is very probable that the crop 
of that year, instead of being the best of these 30 years, 
would have been much below the normal, notwithstand- 
ing tlie favorable temperature. In  1898 the tern era- 
ture was also favorable, but the yield, although a i ove 

t,liese residuals wou I d show better than the total varia- 

vary so inuc F 1, that, in general it does not seem that the 

if it, is well dist,ributed over t K e growing period, while a 

nornial, does not come up to the value computed 
temperature. In  this ea,r there was also 
three months, but in t I5 s case it started in 
a month earlier than in 1893, which seems to be the 
principal difference between the two years. 

Some of the negative differences, besides 1911, already 
mentioned, may be due to escessive rains during the 
harvest season, a factor that is of course actually impos- 
sible to foretell. This seems notably to be the case in 
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1895 and 1914. Another cause of diminished yield might 
be the late frosts. The most notable year in this respect 
was 1908, in which occurred a sharp frost in the middle 
of October; however, in this year the difference, although 
negative, is not one of the largest. 

As the rainfall might possibly have an indirect effect, 
modifying that of the temperature, and to try if, taking 
into account this modification, it would be possible to 
niake the coniputations more accurate, the data have been 
divided into three groups accorclin to the rainfall. 

about the same if some other period, like June to Noveni- 
ber had been used. The first group coniprises those 
cases, in which the rainfall of these four months was less 
than 150 millimeters, the second, t.he rainfa.11 of 150 to 
300 mm. and tlie third, when it was above 200 nini. 
Then the correlation between tlie yield and the tempera- 
ture of Au st to November has been computed for each 
group. TE coefficients are respectively - 0.83, - 0.85 
and -0.59, and t,he regression coefficients -304, -205 
and - 306 (excludin the year 191 1) .  

viously too sniall to modify appreciably the computn.- 
tions, but the correla.tioii coefficient. increases somewhat 
with the rainfall, trha.t is, when the rain has been shun- 
dant, the yield coni uted by the temperature will be niore 

more likely to be affected by other fac.tors not related t,o 
the temperature. 

The temperature, as has been seen, although it does 
not perniit us to  compute the yield with exactness, can 
serve as a very useful auxiliary factor to forecast the 

The coniputations here given have been ninde 
wit the temperatures of August to November, that is, 
they can be made a t  the beginning of December. How- 
ever, they could be made with almost the same a.ccuracy 
with the temperatures of August to October, when they 
could be made a t  the beginning of November. Thc 
correlation coefficient in this case is - 0 3 5  and the re- 

Computing the yield with this 
fatter c.oefficient and the temperature deviations of 
August to October, the niea.11 of the differences between 
computed and obtained yield, without distinction of 
sign, is 91, while in the first case it is 83, excluding in 
both cases the year 1911. 

For this urpose the rainfall from Ju 9; p to 0ct.oher was 
used, alt fl ough the result would obviously h w e  been 

The d8erences o F the regression coefficients are ob- 

nearly accurate, w K ile with snialler rainfall, the yield is 

ression factor -1SG. 

THE SPECIFIC WEIGHT OF THE WHEAT. 

Besides the yield, the specific weight of t.he wheat is 
also of interest. Like the first, it mries from gear to 
year, and in different localities, variations that no doubt 
also are related to nieteorological phenomena. For the 
s ecific wei ht  of the wheat there are data published in 
t 1 e AgriieukraZ Statistics since 190s from eac.h depart- 
ment. 

Analyzing these data with respect to tho' rain and tem- 
perature does not reveal any relation with these elements, 
excepting that the greater s ecific weight corrcspondu in 

that the rainfall has in reality the effect of diminishing 
the specific weight, but this is more probably an indirect 
effect, and related really to the sunshine, which in gen- 
eral varies more or less inversely with the rainfall. 

There are no sunshine data, exce t from very few 

general to the scantiest rain P all. I t  does not seem likely, 

stations. but instead the data. of clou g. iness can be used. 

departments, where a meteorological station exists, (cc- 
cording to the cloudiness observed, we get the averages 
givbn in Table 13. 

TABLE 13.--SpeciJr. weight of .wheat (kilograins per hertoliter). 

[Averages nrcnrdiiig to grades of rlnudiness.] 

PROVINCE OF BUENOS AIRES. 

I Grades olcloudiness. 

Jiiiir ....................... 64.0 I 71.6 75.1 76.5 74.3 ........ 
........................ ........ 

..................... Aiixu$t ........ 
s,?pIvni!wr ................. 
(:wlt,lnpr .................... ........ 
N o v ~ ~ n l m  .................. ........ 
Deccml-er.. ................ ........ 

........ 

SANTA Fb AND CORDOBA. 

Grades of cloudiness. 
...... ._ 

Jiiiie.. ..................... ...... 
.luIy... ..................... 71.8 
.*UgUst.. .................... ........ 
Hsp1eml:er.. ............... ........ 
I)rlo! e r . .  .................. ........ 
Nowmlw.. 
Dcwml Ipr.. ................ ........ ................ ........ 

I I I I I - ...... __ 
As can be seen the maximum spekific weights cor- 

respond to the minimum of cloudiness and in general 
also the minimum weights to the maximum of cloudi- 
ness. The diminution is in y e r a l  progressive as 
cloudiness increases, so it may e concuded that the 
specific weight varies inversely with the cloudiness or in 
direct ratio to the sunshine. 

The individual data certainly do not always show 
such a close relation as these averages, but these show 

<eo0 1 1 1 1 1 1 1 1 1 1 1 1 ' 1 1 ,  

G Calcufated yields------- , 

Actual yields 
i 

FIG. 1.-Graphiral rompariaon betweeu yields rnlrulated by the temperntiire of August- 
November and actual yields. (Dotted line=ralrul8tcd yields: solid he-nrtual 
yields.) 

that the sunshine is the principal factor in determining 
the specific weight. 

the data from Entre Rios and the Pampa being too 
scanty to use. The two series generally agree, but the 
differences between mctximum and minmum are larger 
in C6rdoba and Santa FB. 

If we measure the relative effect of the sunshine by 
the difference between maximum and minimum weight, 
the month in which this element is most important 
seems to be December, that is when the grain is ripening. 
It also seems to be important in July and in October. 

The result would Drobablv have been better with the 

The avera es have been computed separate1 
Province of fi uenos Aires and for Cdrdoba and Ja% k: 

which 6 more or less inversely pro ortional to the sun- 
shine. Grouping the data of speci K c weight from those sunshine data, becauie the chdiness  only approximately 
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31 
6 
5 
3 
3 

represents the former. Besides the data of cloudiness 
on account of the manner in which this element is observed 
is sub’ect to variations due to the personal criterion of 

are not yet agreed on some points in this respect. For 
instance, when the sky is covered with cmo-stratus it is 
a doubtful point whether the observer should put 10 
(overcast), seeing that these douds let through the 
greater part of the sunshine. 

As the sunshine has this effect on the specific weight, 
it  might be asked if it has not also an effect on the ylclil. 
However, as t,he cloudiness is closely related t.o the 
rainfall it would be dimcult, espe,c.ially with the scanty 
material a t  hand, to se arnt.e t,he effect of each of these 

maximum yields having been obtained with rainfalls 
near the mmimum is explained, because in these cases 
the plants have received more suashine t,han when trhe 
rains have been more abundant. 

the o b servers, and even the international conventions 

dements. I t  is possib P e, though, that the fact of the 

-- 

0 
R 
3 
0 
0 

SECULAR VARIATION OF THE YIELD. 

The decennial mems  of the yield (Table 1)  show a 
constant de,crease in thc. last 30 years, It would be. of 
interest to trv and End out, t.he causes of t,his diminution, 
and especially in connection with this study, if any 
change in the climate mtty be responsible for it. 

I n  n study published in the illonfhly Rrr7Zetin, of the 
Argentine Meteorological Ofice corresponding t.0 August, 
191S, on the periods of drought and excessive rains, it  
was shown that the rainy periods had increased in the 
Republic in the last 30 years, and in the Province of 
Buenos Aires? escept.ing a relative diminution in 1590- 
1899, they have been const.antly increasing since 1860. 
Notwithstanding this increase of the rainy periods, in the 
last years have also occurred eriods of intense drought, 

or the variations above and below normal are greater. 
so i t  seems that the climate R as become more extreme, 

Caracac.. ............................. 
Hdrida ............................... 
rilldad Bsllvsr ....................... 
ralahrp ............................. 
Maracaiho ............................ 

These changes in the rainfall may doubtless have some 
influence on the yield of wheat, but as seen from the 
foregoing for this cerea.1 the variations of temperature 
are more important than those of the rainfall. 

Taking decennial means of the computed yields 
(Table 11) we get the following values: 

1890-1599 .................................................... 757 
1900-1909 ............................................... .... 703 
1910-1919.. .................................................. 699 

I t  is seen that these also show a decrease, and as they 
are coniputed by- means of the temperature, this shows 
tha.t t,he average temperature has also changed, or a t  
least the tomperature of August to November has in- 
crensed. We do not know, however, if this variation 
or that of the rainfall is B real change of climate, that is 
if it is permanent or if it  results from some periodicity, 
and lnter th:it we will get back to the former condition. 

The decrease in these computed averages is not as 
great as that observed according to Table 1. We may 
conclude therefore that the increase of temperature in 
spring is responsible for part of tshe diminution, but not 
for all. The chango in the rainfall may in some part 
he to blame, but it, is probable there are also other causes. 
One of these is doubtless the gradual extension of the 
cultivated nwa toward the west, where the winter 
rainfaJl often is insufficient. A proof of this is the fact 
t.hat the average yield in C6rdoba and the Pampa, where 
wheat, growing on a lar e scale is relatively recent, is less 
than in Buenos Aires, Sntre  Rios, and Santa F& (See 
Table 5.) 

In other countries the yield enerally shows an increase, 
ascribed to improved metho % s of cultivation, and if in 
our country the application of scientific methods were 
more oeneral, this factor would doubtless counteract 
those &at tend to diminish t.he yield, and here also the 
yield would increase instead of decrease. 

Kilograms 
Per he tare. 

Mckm. 
10 30 BB 56 1,042 
8 36 71 9 1,611 
8 9 63 33 as 
9 4n 67 40 io0 
10 35 71 45 6 

0 ,  0 ,  

THE RAINFALL OF VENEZUELA. 

By A .  J. HENRY. 

[Feather Bureau, Washington, D. C., July, 1eZZ.J 

The editor has received from Seilor Ernest0 Sifontes, 
Venezuelan Meteorolo ical Service, rainfall statistics for 

to date the record of rainfall 

of the period January, 1891, to December, 1910, and to 
com lete the records for four other statiofis. The geo- 
gra$ical coordinates of all the stations are given in the 
tab e nest below and the monthly rainfall, in millimeters, 
is given in Table No. 2 following. 

TABLE l.-Rni.nfabl stations i n  Ibmuda a-GeographkZ coordinates, etc. 

1919-1921 for severa f stations in that country. It is 

for Caracas, originally pu ?I lished in 1911,’ for each month 
ossible now to bring u 

TABLE 2.--Rai?zjall (in millimetem) at tk stations m d .  
CA RAGAS. 

- 

.......... .......... 1911 
19l’L 
1913 .......... 

1916 .......... 
1917 .......... 
1918 .......... 

.......... 

.......... 

.......... 

stations. 

a Str C. E. P. Brooks in Quart. Jour. Roy. Mct. Sor., 48:71; also 0. Hellmann in bfcl. 

1 Vgueto, Luis: Reriala Techniea D d  Ministtrio De Obms Publieaa, 1911. p. 199. 
Zrit..  Decemlmr. 1’531, pp. 3i5-376. 

191.5 
1916 .......... 
1918 .......... 
1919.. ........ 
1917 .......... 

........ 
Means ...... 

From the full recml of 31 years, iRgi-l921. 


